This paper aims to realize the administration of electroencephalography (EEG)-based neurofeedback (NFB) training for college English teaching and learning. For this purpose, a web-based NFB training system was developed, consisting of training devices, schedules, environment, operations and troubleshooting. Then, the system was applied to English teaching in a college. During the 10-week training period, the 19 participants received 20 sessions of NFB training, and filled out questionnaires before and after the training on their English learning ability. Besides, the participants were divided into the test group and the control group, and subject to preand post-test experiment. The results of the experiment reveal that the NFB training is involved in the enhancement of English learning. The proposed module is the first-ever web application supporting the entire process of NFB training for college students and offers an alternative intervention strategy for college English teaching.
Introduction
The students' concentration determines the quality of classroom teaching and shapes their personality and psychology. In essence, it is a factor of psychological learning behaviour, which is defined as "behaviours and thoughts that a learner engages in during learning that are intended to influence the learner's encoding process" (Weinstein et al., 1983) . Together with linguistic knowledge, the psychological learning behaviour forms the teaching system for college English. In China, the lack of good psychological learning behaviour has created a stumbling block for college English learners.
One of the best strategies to enhance students' concentration is the self-regulation theory. Focusing on students' activation and flexibility, the theory offers a variety of cognitive and behavioural intervention techniques (Iglesias, 2012) , ranging from biofeedback training to psycho-education. Among them, the biofeedback training has enjoyed immense popularity in recent years.
As a common biofeedback technique, the NFB (NFB) trains individuals to regulate their brain activity by operant conditioning. The training is often based on electroencephalography (EEG) (Zoefel, 2011) . The EEG-based NFB device can obtain the brain activity and feed it back to the subjects (Lubar et al., 1976; Lubar, 1991) . Hence, the NFB is especially suitable for improving neurological and psychological conditions and enhancing the cognitive performance of subjects.
Much research has been done on EEGbased NFB applications in education. For instance, Orlando et al., (2004) experimentally verified whether the NFB can elevate the reading ability of elementary school students.
Based on randomized controlled trial (RCT), Breteler et al., (2010) successfully reduced the reading deficits for dyslexic children through the NFB training. Thompson et al. applied the NFB for children with attention deficit disorder, and proved that the pre-and post-test results agree well with the previous research findings of NFB training for students (1998). Kim et al., (2016) investigated the effect of changing brain wave NFB training on learning stress of college students. Sun et al., (2013) revealed the positive effect of NFB training on English teaching.
Admittedly, the existing studies have demonstrated the efficacy of EEG-based NFB training on student learning. However, most of them were conducted in research institutes, and were seldom tested in actual schools. The lack of practice is attributed to the complexity of NFB devices and the professional requirements of training staff. Sometimes, the trainees have to cover long distances before arriving at the training sites.
To solve the problem, this paper develops a web-based NFB training system, consisting of training devices, schedules, environment, and operations and troubleshooting. Then, the system was applied to English teaching in a college.
Methods
Participants 19 college students (10 males and 9 females; average age: 22.7) were recruited from Shandong Polytechnic University. All of them have learned college English for over a year and have been diagnosed with slight dyslexia by their counsellors. The diagnosis was made based on a structured protocol (Snowling et al., 2012) for assessing English reading and spelling ability of the sophomores. None of them suffered from brain injury, neurological disorder, etc. Despite attending regular English classes, the participants failed to score more than 300 in the College English Test Band 4 (CET-4).
Besides, all of these students gave informed consent before participating in the experiment and refrained from taking caffeine and alcohol at least two hours before testing.
Materials
The experimental system operates on a braincomputer interface (BCI), a direct communication pathway for brain signals between the subjects and computers (Wolpaw et al., 2002) . Some simple sensors were installed to acquire EEG signals and provide the inputs. The sensors, connected with the Internet, can transmit information to the web module of our system via wireless portable devices. The BCI of our system is illustrated in Fig.1 . The feedbacks of our system were outputted as audio and visual materials. The participants could improve their brain activity by doing exercises or playing games with the NFB. According to the frequency and amplitude of brain wave, the EEG can be divided into alpha, beta, delta, and theta bands (Lagopoulos et al., 2009) . Here, the alpha eISSN 1303-5150 www.neuroquantology.com waves were collected due to its sensitivity to the concentration on external stimuli.
Procedure Fig. 3 presents the structure of the web-based English teaching module. The whole training period lasts 10 weeks. All 19 participants were asked to receive 20 sessions of NFB training and filled out questionnaires before and after the training on their English learning ability. The NFB protocols comply with the rules that increased coherence in the alpha band.
The participants were divided into the test group and the control group, and subject to preand post-test experiment. In addition to English courses, they received additional NFB training on English reading and spelling. The training was arranged in a quiet and well-lighted room.
The EEG data were collected by 28 electrode channels (sampling rate: 500Hz: resistance: 1KΩ~5KΩ. The participants were asked to look at a green dot on the computer screen. When their eyes were open, the EEG data were collected for 2min. Then, the neuropsychological assessment was carried out using a touch screen. The assessment involves memory recall and memory recognition (Cabeza et al., 1997) , the Stroop colour-word interference test (Silva et al., 2000) , and switching of attention test (Yago et al., 2001) . The responses of subjects in all tests were recorded by touch-screen presses.
Statistical analysis
The mean power spectra were computed under eye-open condition. The 2-min eye-open periods were merged into adjacent intervals, each of which is 4min in length. Then, the power spectral analysis was performed by a fast Fourier transform (Katoh et al., 2002) for each interval.
The specific steps of statistical analysis are as follows. First, the alpha band (8~13Hz) was computed, and the results were converted from square-root to normal distribution by statistical methods. After the randomized controlled preand post-test experiment, the variance was analysed by multivariate repeated measures concerning the English reading and spelling ability of the test group and the control group.
Considering the huge number of tests, the author obtained an overall alpha by Bonferroni correction (Garamszegi et al., 2006) . Next, the differences between pre-and post-test values were calculated by pairwise t-tests. Finally, the trend of relations among English learning tests, neuropsychological tests and EEG variables were explored through correlation analysis.
Results

English learning test
The English learning test mainly compares the English reading and spelling ability. The variance analysis was introduced to examine the effect of some independent variables for English reading ability, including CVC-words [F=10.1 (1, 17) It can be seen that the two groups had no obvious interaction. By contrast, there was a significant interaction between them in English spelling test. The spelling ability increased by 16.5% from m=68.9 (SD=32.1) to 80.7 (SD=32.3) in the test group, while that grew by merely 6% from m=66.7 (SD=20.8) to m=70.8 (SD=24.3) in the control group. The pre-and post-test values on English spelling are shown in Fig.4 . EEG power spectra In our NFB training, five personalized protocols were employed for coherence training. The protocols for each participant and the effect on power spectra are presented in Table 2 . As shown in Table 2 , there was no pronounced variation in the delta frequency band, but obvious pairwise sample correlations (r=0.87, p=0.001). This means all participants underwent increases. The same trend can be observed from the alpha band in pairwise sample correlations (r=0.76, p=0.003). 
English teaching improvement
The cognitive strategies in our experiment are described in Table 3 . The mean scores were classified into three categories according to Horwitz's theory (1991) : low (1.0~2.4), medium (2.5~4.4) and high (3.5-5.0). From Table 3 , it is observed that the mean scores of all items fell between 2.53 and 3.44, indicating that the cognitive strategies for all participants belong to the medium level. Judging by the meaning of the 11 items, most of the participants were aware of their mistakes and willing to improve their English proficiency. Nevertheless, they were too shy to practice English activity.
As shown in Table 4 , the test group achieved higher scores than the control group in almost all of the 11 items. In general, the mean value of the 11 items was 3.068 for the test group, and 2.329 for the control group. With p=0.011<0.05, the mean value difference between the two groups was significant. This means the test group adopted cognitive strategies more frequently than the control group. According to Tab.6, the CET-4 scores of college students are positively correlated with the reception of NFB training. Thus, the NFB training can enhance the English learning ability.
In summary, NFB training can enhance the efficiency of English learning and improve English performance in the exam. In view of the positive correlation between NFB training and English learning, it is necessary to train teachers on how to use the web-based English teaching module to plan and evaluate students' English proficiency. 
Discussion
This research is the first RCT on NFB training for English teaching based on web application. Previously, there were only a few uncontrolled studies on NFB training that enhanced English reading ability (Thornton et al., 2005; Jonathan et al., 2006) . The main contributions of this research are as follows. First, the web-based NFB training module led to substantial enhancement of college English teaching and learning, allowing the students to receive the NFB training under the guidance of their teachers or even by themselves. This is because the NFB training has a positive effect on students' concentration, which in turn improves English teaching. Although the effect was not so significant, it is still trustworthy concerning a small number of subjects. It was confirmed that the NFB training is involved in the enhancement of English learning; Second, it is discovered that the test group had no obvious difference from the control group in spelling and other areas. This finding is very important for the control group in NFB research; Third, the power protocols were used for fronto-temporal area and coherence protocols were used for frontal-central area. According to phonological theory (Bishop et al., 2004) , there is higher EEG activity in the fronto-temporal area. In our study, the NFB training effects in the two areas were basically the same. The results are in line with the existing literature (Vellutino et al., 2004; Friederici, 2008) .
Conclusions
This paper proposes a web-based English teaching module on the administration of EEGbased NFB. The module was applied to English learning process of college students in China. The eISSN 1303-5150 www.neuroquantology.com brain wave data were acquired by EEG-based NFB devices and analysed by the SPSS software. Then, the author derived the NFB training information about intervention strategy, the correlation between various NFB protocols, and the CET-4 scores of the students. The proposed module is the first-ever web application supporting the entire process of NFB training for college students. The system is so user-friendly that it can be operated by both teachers and students, offering an alternative intervention strategy for college English teaching.
Of course, our research still has some defects. First, the number of subjects is not big enough; second, the post-test EEG was applied only to the NFB group; third, the dependent variables only include English reading and spelling, and NFB training is merely based on EO/EC EEG; fourth, the participants were not grouped by the reasons for poor English performance. Wilmer et al., (2004) proposed that different NFB protocols should aim at different kinds of English learning disorders.
In the future research, the author will expand the scope of the web-based English teaching module for college student's NFB training in China and establish an EEG database for analysing individual NFB signals.
